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MEDICAL IMAGE PROCESSING
APPARATUS, X-RAY DIAGNOSTIC
APPARATUS, AND X-RAY COMPUTED
TOMOGRAPHY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2013-184508, filed Sep. 5, 2013 the entire contents of which
are 1ncorporated herein by reference.

FIELD

Embodiments described herein relate generally to a medi-
cal 1image processing apparatus, an X-ray diagnostic appa-
ratus, and X-ray computed tomography apparatus.

BACKGROUND

When detecting X-rays by using an X-ray fluoroscopic
apparatus, X-rays (to be referred to as scattered rays here-
inafter) scattered by an object sometimes enter the detector.
A grid 1s used to prevent scattered rays from entering the
detector. FIG. 14 shows how an FPD (Flat Panel Detector)
detects X-rays generated from an X-ray tube. The direct
radiation indicated by the one-dot dashed line 1s an X-ray
which 1s not transmitted through an object P. The scattered
rays indicated by the dotted lines are transmitted through the
object P and scattered by the object P 1n the process of being
transmitted. The unscattered rays indicated by the solid
lines, which are transmitted through the object P, are X-rays
which are transmitted through the object P without being
scattered.

The grid has a pattern structure 1n which aluminum foils
or the like through which X-rays are transmitted and lead
toils or the like which absorb scattered X-rays are alternately
arranged. As shown in FIG. 14, when X-ray imaging or
X-ray tluoroscopy 1s executed while the grid 1s placed on the
X-ray incident surface of the detector, the grid removes
scattered rays. This makes 1t diflicult for scattered rays to
reach the detector. This reduces the dose of scattered rays
reaching the detector. However, some scattered rays reach
the detector without being removed. The scattered rays
having reached the detector are displayed as noise on an
image (to be referred to as a medical 1image hereinatter)
generated based on an output from the detector. For this
reason, a medical image 1s processed to reduce scattered ray
components on the image (this operation will be referred to
as scattered ray correction processing hereinafter).

Conventionally, as one type of scattered ray correction
processing, there 1s available a technique of executing
scattered ray correction processing in computation in a
frequency space. The Fourier transform of an image (to be
referred to as a scattered ray reduced image hereinaiter)
having undergone a reduction 1n scattered ray component by
scattered ray correction processing 1s performed based on
the Fourier transform of a medical image and the Fourier
transform of a scattering function. A scattered ray reduced
image 1s generated by applying an inverse Fourier transform
to the Fourier transform of the scattered ray reduced image.
With the above method, however, it 1s not possible to change
a scattering function 1n accordance with the position of each
pixel 1n a medical image. It 1s therefore not possible to
properly reduce scattered ray components in, for example, a
medical 1mage containing direct radiation components or a
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medical image or the like having non-direct radiation com-
ponents which are transmitted through a partially thin por-
tion (to be referred to as a small body thickness portion
hereimnafter) of an object P. For example, this raises a
problem that scattered ray components are excessively cor-
rected (this operation will be referred to as excessive cor-
rection hereinafter).

In order to solve the above problem, there 1s available a
method of generating a scattered ray reduced image by
executing a repetitive operation a plurality of times to be
described below. In this method, when the repeat count 1s 1,
the first scattered ray components are estimated based on a
medical image. In this case, the first scattered ray compo-
nents are calculated by multiplying the convolution sum of
a plurality of pixel values in the medical image and a
scattering function by a direct radiation ratio. The direct
radiation ratio 1s the ratio of the dose of direct radiation to
the sum of the dose of direct radiation and the dose of
scattered rays at each pixel in the medical image. The first
scattered ray reduced image 1s then generated by subtracting,
the first scattered ray components from the medical image.

When the repeat count 1s 2, the second scattered ray
components are estimated based on the first scattered ray
reduced image. In this case, the second scattered ray com-
ponents are calculated by multiplying the convolution sum
of a plurality of pixel values 1n the first scattered ray reduced
image and a scattering function by a direct radiation ratio.
The direct radiation ratio 1s the ratio of the dose of direct
radiation to the sum of the dose of direct radiation and the
dose of scattered rays at each pixel in the first scattered ray
reduced 1mage. The second scattered ray reduced 1mage 1s
then generated by subtracting the first scattered ray compo-
nents from the second scattered ray components.

When the repeat count 1s n (n 1s a natural number equal
to or more than 2), the nth scattered ray components are
estimated based on the (n-1)th scattered ray reduced image.
In this case, the nth scattered ray components are calculated
by multiplying the convolution sum of a plurality of pixel
values 1 the (n-1)th scattered ray reduced image and a
scattering function by a direct radiation ratio. The direct
radiation ratio 1s the ratio of the dose of direct radiation to
the sum of the dose of direct radiation and the dose of
scattered rays at each pixel in the (n-1)th scattered ray
reduced 1image. The nth scattered ray reduced image 1s then
generated by subtracting the (n-1)th scattered ray compo-
nents Irom the nth scattered ray components. A scattered ray
reduced 1mage 1s generated by repeating the above process-
ing a predetermined number of times.

In general, the larger the repeat count n, the higher the
accuracy of scattered ray correction processing. According
to the above technique, however, as the value of n increases,
the number of times of convolution sum calculation
increases. This leads to an increase in calculation amount.
That 1s, the above technique has a problem that 1t takes much
time to execute scattered ray correction processing. For
example, 1n X-ray fluoroscopy, display delay or frame drop
occurs, resulting in a difficulty in real-time display.

It 1s an object to provide a medical 1image processing
apparatus, an X-ray diagnostic apparatus, and an X-ray
computed tomography apparatus which can generate scat-
tered ray reduced images without excessive correction,
while suppressing a calculation amount, from a medical
image having direct radiation components and even from a
medical 1mage having non-direct radiation components
transmitted through a partially thin portion of an object.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an example of the
arrangement of a medical 1mage processing apparatus
according to the first embodiment;

FIG. 2 1s a graph showing an example of the distribution
ol a plurality of pixel values constituting a medical 1mage
according to the first embodiment;

FIG. 3 1s a view showing an example of a scattered ray
reduced 1mage generated by applying scattered ray correc-
tion processing to a medical 1mage having direct radiation
components according to the first embodiment;

FIG. 4 1s a view showing an example of a scattered ray
reduced image generated by applying scattered ray correc-
tion processing to a medical image having no direct radia-
tion component according to the first embodiment;

FIG. 5 15 a flowchart showing an example of a procedure
for scattered ray correction processing according to the first
embodiment;

FIG. 6 1s a view showing an example of setting a region
of interest in a medical image according to a modification of
the first embodiment;

FIG. 7 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to a modi-
fication of the first embodiment:;

FIG. 8 1s a block diagram showing an example of the
arrangement ol an X-ray diagnostic apparatus according to
the second embodiment;

FI1G. 9 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to the
second embodiment

FI1G. 10 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to a modi-
fication of the second embodiment:

FIG. 11 1s a view showing an example of the arrangement
of an X-ray computed tomography apparatus according to
the third embodiment;

FIG. 12 1s a view showing an example of a sinogram
representing projection data values defined by view angles
and channel numbers by shading according to the third
embodiment;

FI1G. 13 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to the third
embodiment; and

FIG. 14 1s a view concerning a related art.

DETAILED DESCRIPTION

An X-ray 1mage processing apparatus according to this
embodiment includes a storage unit, a transformed i1mage
generation unit, a scattered ray 1image generation unit, and a
scattered ray reduced image generation umt. The storage
unit stores a medical image. The transformed 1mage gen-
eration unit generates a transformed 1mage by transforming
pixel values, of a plurality of pixel values constituting the
medical 1mage, which are higher than a reference value
obtained based on a representative value of the plurality of
pixel values into pixel values lower than the reference value.
The scattered ray image generation unit generates a scattered
ray 1mage based on the transformed 1mage and a scattering
function. The scattered ray reduced 1image generation unit
generates a scattered ray reduced image with reduced scat-
tered rays by using the medical image and the scattered ray
image.

A medical image processing apparatus 1 according to an
embodiment will be described below with reference to the
accompanying drawings. Note that the same reference
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4

numerals denote constituent elements having almost the
same functions and arrangements in the following descrip-

tion, and a repetitive description will be made only when
required.

First Embodiment

FIG. 1 shows the arrangement of the medical image
processing apparatus 1 according to the first embodiment.
The medical 1image processing apparatus 1 includes an
interface unit 3, a storage unit 3, an object thickness decision
unit 7, a scattering function decision unit 9, a transformed
image generation unit 10, a scattered ray image generation
umit 15, a scattered ray reduced image generation unit 17, an
input unit 19, a display unit 21, and a control unit 23.

The interface unit 3 1s connected to a plurality of medical
image diagnostic apparatuses via a network. The medical
image diagnostic apparatuses include, for example, an X-ray
diagnostic apparatus, X-ray CT (Computed Tomography)
apparatus, MRI (Magnetic Resonance Imaging) apparatus,
ultrasonic diagnostic apparatus, nuclear medicine diagnostic
apparatus (for example, PET (Positron Emission Computed
Tomography) apparatus), and SPECT (Single Photon Emis-
sion Computed Tomography) apparatus.

The interface unit 3 outputs the medical image and X-ray
conditions acquired from the medical 1image diagnostic
apparatus to the storage unit 5. The X-ray conditions include
conditions at the time of X-ray imaging or X-ray fluoros-
copy, such as a tube voltage, a tube current, a pulse time, and
an 1rradiation field indicating the 1irradiation range of X-rays.
Note that the interface unit 3 may output the medical image
acquired from the medical image diagnostic apparatus to the
transformed i1mage generation unit 10, the scattered ray
reduced 1image generation unit 17, the display umt 21, and
the like, as needed.

The storage unit 5 stores the X-ray conditions and medical
image acquired from the interface umt 3 and nstructions and
the like from the operator which are sent from the mnput unit
19. Note that the operator can change the X-ray conditions,
as needed, via the mput unit 19. The instructions from the
operator 1nclude various types of imstructions, commands,
information, selections, and settings which are mput by the
operator via the input unit 19. Note that the storage unit 5
may store a program associated with scattered ray correction
processing (to be described later).

The object thickness decision unit 7 decides an object
thickness based on the X-ray conditions stored 1n the storage
unmit 5. The X-ray conditions are conditions associated with
the generation of X-rays, such as a tube voltage, tube
current, and imaging time. The object thickness decision
unit 7 includes a memory (not shown) and stores a corre-
spondence table (to be referred to as a tube voltage/object
thickness correspondence table herematter) between tube
voltages and object thicknesses. Note that the tube voltage/
object thickness correspondence table may be a correspon-
dence table of object thicknesses with respect to elements
(e.g., tube currents or tube current time products) other than
tube voltages. More specifically, the object thickness deci-
sion unit 7 decides an object thickness based on the X-ray
conditions and tube voltage/object thickness correspondence
table read out from the storage unit 5. Note that an object
thickness may be decided by an instruction issued by the
operator via the input umt 19.

The scattering function decision unit 9 decides a scatter-
ing function based on the X-ray conditions stored in the
storage unit 3 and the object thickness decided by the object
thickness decision unit 7. The scattering function decision
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unit 9 includes a memory (not shown) and stores a corre-
spondence table (to be referred to as a scattering function
correspondence table hereinaiter) of scattering functions
with respect to X-ray conditions and object thicknesses.
Note that a scattering function 1s a function corresponding to
scattered ray components 1n a medical image. More speciii-
cally, the scattering function decision umt 9 decides a
scattering function based on the object thickness decided by
the object thickness decision unit 7, the X-ray conditions

read out from the storage unit 3, and the scattering function
correspondence table.

The transformed 1mage generation unit 10 generates a
transformed 1mage by transforming pixel values, of a plu-
rality of pixel values constituting a medical image, which are
higher than the reference value obtained based on the
representative value of a plurality of pixel values 1nto pixel
values lower than the reference value. The transformed
image generation unit 10 includes a reference value decision
unit 11 and a pixel value transformation unit 13.

The reference value decision unit 11 decides a reference
value based on the representative value of a plurality of pixel
values constituting a medical image. More specifically, the
reference value decision unit 11 decides a reference value by
multiplying the representative value of the plurality of pixel
values constituting the medical image by a predetermined
constant. The reference value decision umt 11 includes a
memory (not shown) and stores a predetermined constant.
Note that the predetermined constant may be changed in
accordance with an instruction 1ssued by the operator via the
input unit 19. The predetermined constant will be described
in detail later. The reference value decision unit 11 decides
the mode value of the plurality of pixel values constituting,
the medical image, and uses the mode value as the above
representative value.

Note that when performing X-ray tluoroscopy or continu-
ous X-ray imaging, the object thickness decision unit 7, the
scattering function decision unit 9, and the reference value
decision unit 11 may execute processing before X-ray fluo-
roscopy or continuous X-ray imaging. A medical image used
for each process described above 1s acquired via the inter-
face unit 3 before X-ray fluoroscopy or continuous X-ray
imaging.

FIG. 2 1s a graph showing an example of the distribution
(pixel value distribution) of a plurality of pixels constituting
a medical image. In the pixel value distribution, direct
radiation components exist 1 the range of pixel values

higher than non-direct radiation components because the
dose 1s less attenuated by the transmittance of radiation
through the object.

In addition, non-direct radiation components transmitted
through a partially thin portion (to be referred to as a small
body thickness portion hereinafter) of the object exist in the
range ol pixel values higher than non-direct radiation com-
ponents because the dose 1s less attenuated by the transmit-
tance of radiation through the object like direct radiation
components. For a more concrete description, the following
will be described by using a medical image aiming at a chest
region. In a medical image aiming at a chest region, the
thickness of the chest region 1s almost constant. However, a
boundary portion between the object and the background or
an arm or neck portion i1s sometimes projected on the
medical image. The above portion 1s thinner than a central
portion of the chest region, and hence the attenuation of the
dose caused by the transmittance of radiation through the
object 1s smaller than that of other non-direct radiation
components. Therefore, non-direct radiation components
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transmitted through the small body thickness portion exist in
the range of pixel values higher than those of other non-
direct radiation components.

For the sake of simplicity, a medical image having direct
radiation components will be described below. The same
cllects are provided with respect to a medical image having
non-direct radiation components transmitted through a small
body thickness portion.

The pixel value transformation unit 13 includes a memory
(not shown) and stores a pixel value transformation table.
The pixel value transformation table represents the corre-
spondence relationship between pixel values before trans-
formation and pixel values after transformation. The pixel
value transformation unit 13 transforms pixel values, of a
plurality of pixel values constituting a medical image, which
are higher than a reference value 1nto pixel values lower than
the reference value, based on the pixel value transformation
table and the reference value. For example, the pixel value
transformation umt 13 transforms the pixel values of pixels
having direct radiation components 1n a medical 1image nto
low pixel values.

More specifically, the pixel value transformation table
represents the correspondence relationship between pixel
values before transformation and pixel values after trans-
formation to be described, for example, below. The pixel
value transformation unit 13 executes identity transforma-
tion for pixel values, of the pixel values of a medical image,
which are equal to or less than a reference value. Note that
the pixel value transformation unit 13 may make invariable
pixel values, of the pixel values of a medical image, which
are equal to or less than a reference value. The pixel value
transformation unit 13 transforms pixel values, of the pixel
values of a medical image, which are equal to or more than
a relerence value and equal to or less than twice the
reference value into pixel values equal to or less than the
reference value. The pixel value transformation unit 13
transforms pixel values, of the pixel values of the medical
image, which are equal to or more than twice the reference
value 1nto 0. Note that 1t 1s possible to reduce artifacts 1n the
scattered ray 1image generated by the scattered ray image
generation unit 15 by using the image generated by trans-
forming the pixel values equal to or more than the reference
value and equal to more than twice the reference value mto
low pixel values.

For the sake of a concrete description, the following
description will use the pixel value transformation table
having the above correspondence relationship as an
example.

Note that the mput umit 19 changes the pixel value
transformation table by changing the reference value in
accordance with an instruction from the operator or the like.
The reference value 1s changed by changing the predeter-
mined constant. The predetermined constant will be
described 1n detail later.

The scattered ray image generation unit 15 generates a
scattered ray 1mage based on the scattering function and the
transformed 1image obtained by transtorming the plurality of
pixel values constituting the medical image using the pixel
value transformation umt 13. The scattered ray image 1s an
image obtained by approximately changing the scattering
function 1n accordance with the position of each pixel of the
medical image. More specifically, the scattered ray image
generation unit 15 generates the Fourier transform of the
transiformed image. The scattered ray 1image generation unit
15 generates the Fournier transform of the scattering function.
The scattered ray image generation unit 15 divides the
Fourier transform of the scattering function by the sum of
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the Fourier transform of the scattering function and 1 (the
division result will be referred to as a scattering function
term hereinaiter). The scattered ray image generation unmit 15
thereby generates the Fourier transform of the scattered ray
image by multiplying the Fourier transform of the trans-
formed 1mage by the scattering function term.

The scattered ray image generation unit 15 generates a
scattered ray i1mage by applying an inverse Fourier trans-
form to the Fourier transform of the scattered ray image.
Multiplying the Fournier transform of a transformed image
and a scattering function term corresponds to approximately
changing the scattering function in accordance with the
position of each pixel of the medical image 1n a real space.

The scattered ray reduced 1mage generation unit 17 gen-
crates a scattered ray reduced 1mage by subtracting a scat-
tered ray 1mage from a medical image. The scattered ray
image generation umt 15 outputs the scattered ray reduced
image to the display unit 21. FIG. 3 1s a view showing an
example of a scattered ray reduced image of a medical image
having direct radiation components. The region A 1n FIG. 3
1s a pixel region containing many direct radiation compo-
nents. The dot hatching 1n FIG. 3 indicates weak residual
noise components. As 1s obvious from FIG. 3, scattered ray
correction processing 1s properly executed without exces-
sively correcting a medical image having direct radiation
components (to be referred to as excessive correction here-
inafter) by applying scattered ray correction processing in
this embodiment to the medical image. FIG. 4 1s a view
showing an example of a scattered ray reduced image of a
medical 1mage having no direct radiation component. The
dot hatching 1n FIG. 4 indicates weak residual noise com-
ponents. As 1s obvious from FIG. 4, scattered ray correction
processing 1s properly executed without excessive correc-
tion by applying scattered ray correction processing in the
embodiment to a medical image having no direct radiation
component.

The mput unit 19 inputs various types ol instructions,
commands, information, selections, settings, and the like
from the operator and the like to the control unit 23 (to be
described later). Note that the mput unit 19 may nput a
predetermined constant to the control unit 23 1n accordance
with an instruction from the operator. Based on this input,
the control unit 23 updates a predetermined constant stored
in the memory of the reference value decision unit 11. The
predetermined constant 1s desired to be a value that trans-
forms the pixel values of direct radiation components into
low pixel values.

The mput unmit 19 includes mput devices such as a
trackball, switch buttons, mouse, mouse wheel, and key-
board for iputting various types of instructions, commands,
information, selections, settings, and the like. Note that the
input device may be a touch panel covering the display
screen of the display unit 21. The input unit 19 can input a
region of interest on a medical image which 1s used by the
reference value decision unit 11. For example, the operator
sets a region of interest by, for example, clicking and
dragging the cursor of the mouse on the medical image
displayed on the display unit 21.

The display unit 21 displays the scattered ray reduced
image generated by the scattered ray reduced image gen-
eration unit 17. The display unit 21 can also display a
medical image.

The control unit 23 includes a CPU (Central Processing
Unit) and a memory (neither of which 1s shown). The control
unit 23 temporarily stores, in a memory, information such as
an 1nstruction from the operator which 1s sent from the 1mnput
unit 19. The control unit 23 comprehensively controls the
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object thickness decision unit 7, the scattering function
decision unit 9, the transformed image generation unit 10,
the scattered ray 1image generation unit 135, and the scattered
ray reduced image generation unit 17 to execute image
processing 1n accordance with instructions from the operator
which are stored in the memory.

FIG. 5 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to the first
embodiment.

First of all, X-ray conditions are read out from the storage
unit 5 (step Sal). An object thickness 1s decided based on the

readout X-ray conditions (step Sa2). A scattering function 1s
decided based on the decided object thickness and the X-ray
conditions read out 1n step Sal (step Sa3). A reference value
1s decided based on the representative value of a plurality of
pixel values constituting a medical image obtained by X-ray
imaging or X-ray fluoroscopy under the X-ray conditions
read out 1n step Sal (step Sad). Pixel values, of a plurality
ol pixel values constituting the medical image, which are
higher than the reference value are transformed into pixel
values lower than the reference value (step Sa3). A scattered
ray 1mage 1s generated based on the transformed image
obtained by transforming the pixel values of the medical
image and the scattering function (step Sa6). A scattered ray
reduced 1mage 1s generated by subtracting the scattered ray
image from the medical 1image (step Sa7). The scattered ray
reduced 1mage 1s displayed (step Sa8).

(Modification)

A difference from the first embodiment 1s that the refer-
ence value decision unit 11 decides a reference value based
on the representative value of the pixel values contained 1n
a region of interest.

The mput unit 19 mputs the setting of a region of interest
from the operator to the control unit 23. FIG. 6 1s a view
showing an example of the setting of a region on 1nterest on
a medical image. The reference value decision unit 11
decides a reference value by using, as the representative
value, the average value or median value of a plurality of
pixel values contained 1n the region of interest input from the
input unit 19.

FIG. 7 1s a flowchart showing an example of a procedure
for scattered ray correction processing in a modification of
the first embodiment.

The display unit 21 displays a medical image (step Sb1l).
The region of interest mput via the input unit 19 1s stored 1n
the storage unit 5 (step Sb2). X-ray conditions are read out
from the storage unit 5 (step Sb3). An object thickness 1s
decided based on the readout X-ray conditions (step Sh4). A
scattering function 1s decided based on the decided object
thickness and the X-ray conditions read out in step Sb3 (step
Sb3). A reference value 1s decided based on the representa-
tive value of a plurality of pixel values contained in the
region of interest on the medical image obtained by X-ray
imaging or X-ray fluoroscopy under the X-ray conditions
read out 1n step Sb3 (step Sb6). Pixel values, of the plurality
of pixel values constituting the medical image, which are
higher than the reference value are transformed into pixel
values lower than the reference value (step Sb7). A scattered
ray 1mage 1s generated based on the transformed image
obtained by transforming the pixel values of the medical
image and the scattering function (step Sb8). A scattered ray
reduced 1mage 1s generated by subtracting the scattered ray
image from the medical image (step Sb9). The scattered ray
reduced 1mage 1s displayed (step Sb10).

According to the above arrangement, the following eflects
can be obtained.
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The medical image processing apparatus 1 according to
the first embodiment can decide a reference value based on

a medical image. The apparatus can generate a transformed
image by transforming the pixel value of each of a plurality
of pixels constituting the medical 1image based on the pixel
value transformation table and the reference value. The
transformed 1mage 1s obtained by transforming pixel values,
of the plurality of pixel values constituting the medical
image, which are higher than the reference value into pixel
values lower than the reference value. In addition, 1t 1s
possible to determine a scattering function based on X-ray
conditions and an object thickness. According to the
embodiment, it 1s possible to generate a scattered ray image
by changing a scattering function i accordance with the
position of each pixel of the medical image by using the
transformed 1mage. A scattered ray image i1s generated by
reducing direct radiation components in the medical image.
That 1s, 1t 1s possible to generate a scattered ray reduced
image without excessive correction by applying scattered
ray correction processing in this embodiment to a medical
image having direct radiation components.

The same eflects as those with respect to direct radiation
components are provided with respect to non-direct radia-
tion components transmitted through a small body thickness
portion. A transformed image 1s obtained by transforming
pixel values, of a plurality of pixel values constituting a
medical 1image, which are higher than the reference value
into pixel values lower than the reference value. Therelore,
the scattered ray image generated based on the above
transformed i1mage and the scattering function 1s the one
generated by reducing non-direct radiation components
transmitted through a small body thickness portion of the
medical image. That 1s, 1t 1s possible to generate a scattered
ray reduced 1mage without excessive correction by applying,
scattered ray correction processing 1n this embodiment to a
medical 1image having a small body thickness portion.

In addition, according to the modification of the first
embodiment, it 1s possible to decide a reference value based
on a region of interest on an input medical 1mage. A
reference value 1ncludes, for example, the median value or
average value of a plurality of pixel values contained in the
region ol interest. A transformed 1mage can be generated by
transforming the pixel value of each of a plurality of pixels
constituting the medical image based on the decided refer-
ence value. That 1s, 1t 1s possible to generate a scattered ray
reduced i1mage without excessive correction by applying
scattered ray correction processing 1n this embodiment to a
medical image on which a region of interest is set, based on
the pixel value of each of a plurality of pixels contained in
the region of interest.

In addition, since a convolution sum repetitive operation
like that in the related art 1s not used, the calculation amount
1s suppressed as compared with the related art.

As has been described above, the medical image process-
ing apparatus 1 according to the first embodiment can
generate scattered ray reduced images without excessive
correction, while suppressing calculation amounts, from a
medical image containing direct radiation and even from a
medical 1mage having non-direct radiation components
transmitted through a partially thin portion (a small body
thickness portion) of the object.

Second Embodiment

FIG. 8 1s a block diagram showing an example of the
arrangement of an X-ray diagnostic apparatus 23 according
to the second embodiment. The X-ray diagnostic apparatus
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25 1includes an X-ray generation unit 27, an X-ray detection
umt 29, a support mechanism 31, a support mechanism
driving unit 33, a medical 1mage generation unit 37, an
interface unit 3, a storage unit 3, an object thickness decision
unmt 7, a scattering function decision unit 9, a transformed
image generation unit 10, a scattered ray image generation
unit 15, a scattered ray reduced image generation unit 17, an
iput unit 19, a display unit 21, and a control unit 23.

The X-ray generation unit 27 includes an X-ray tube and
a high voltage generator (neither of which i1s shown). The
high voltage generator generates a tube current to be sup-
plied to the X-ray tube and a tube voltage to be applied to
the X-ray tube. The high voltage generator supplies a tube
current suitable for X-ray imaging to the X-ray tube, and
applies a tube voltage suitable for X-ray imaging to the
X-ray tube. The high voltage generator supplies a tube
current suitable for X-ray fluoroscopy to the X-ray tube, and
applies a tube voltage suitable for X-ray fluoroscopy to the
X-ray tube. The X-ray tube generates X-rays from an X-ray
focal point (to be referred to as a tube focal point hereinatter)
based on the tube current supplied from the high voltage
generator and the tube voltage applied from the high voltage
generator.

An X-ray detection unit 29 detects the X-rays generated
from the X-ray generation unit 27 and transmitted through
an object P. The X-ray generation unit 29 detects the X-rays
generated by the X-ray generation umit 27. The X-ray
detection unit 29 includes, for example, an FPD (Flat Panel
Detector). The FPD includes a photoelectric conversion film
which converts light into electrical signals. The FPD con-
verts incident X-rays into electrical signals by using the
photoelectric conversion film. The electrical signals gener-
ated by the photoelectric conversion film 1s output to an A/D
converter (Analog to Digital converter) (not shown). The
A/D converter converts the electrical signals into digital
data. The A/D converter outputs the digital data to a pre-
processing unit (not shown). The X-ray detection unit 29 has
a grid placed 1n front of the X-ray incident surface. Note that
the X-ray detection unit 29 may include an 1image intensifier.

The preprocessing unit (not shown) executes preprocess-
ing for the digital data output from the X-ray detection unit
29. The preprocessing includes, for example, sensitivity
nonuniformity correction between channels in the X-ray
detection unit 29 and correction concerning signal omission.
The preprocessed digital data 1s output to a medical image
generation unit 37 (to be described later).

A support mechanism 31 movably supports the X-ray
generation unit 27 and the X-ray detection unit 29. More
specifically, the support mechamsm 31 includes, for
example, an arm and an arm support portion (neither of
which 1s shown). The arm 1s, for example, a C-arm. The
X-ray generation unit 27 and the X-ray detection unit 29 are
mounted on the C-arm so as to face each other. Note that an
(2 arm or the like may be used 1n place of the C-arm. Note
that the X-ray diagnostic apparatus 25 may be an X-ray
diagnostic apparatus having no arm.

A support mechanism driving unit 33 generates power for
driving the support mechanism 31 under the control of the
control unit 23. More specifically, the support mechanism
driving unit 33 supplies a driving signal corresponding to a
control signal from the control unit 23 to the arm support
portion to slide and rotate the arm 1 a predetermined
direction. At the time of X-ray imaging or X-ray fluoros-
copy, the object P 1s placed on a top 35 between the X-ray
generation unit 27 and the X-ray detection unit 29.

A top driving umt (not shown) generates power for
moving the top 35 under the control of the control unit 23.
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More specifically, the top driving unit slides the top 35 1n the
short-axis direction (the X direction 1n FIG. 8) of the top 35
or the long-axis direction (the Y direction in FIG. 8) of the
top 35 based on a control signal from the control unit 23. In
addition, the top driving unmit generates power for moving the
top 35 under the control of the control unit 23. More
specifically, the top driving unit generates power for moving
the top 35 up and down in the vertical direction (the Z
direction 1n FIG. 8).

The medical image generation unmit 37 generates a medical
image based on the digital data preprocessed by the prepro-
cessing unit. The medical image generation unit 37 outputs
the medical image to the transformed 1mage generation unit
10, the scattered ray reduced 1mage generation unit 17, and
the display unit 21, as needed. Note that the medical image
generation unit 37 may output the generated medical image
to the storage unit 5.

The interface unit 3 may output the medical 1mage
acquired from the medical image diagnostic apparatus to the
storage unit 5. Note that the interface unit 3 may output the
medical image and X-ray conditions acquired from another
medical 1mage diagnostic apparatus to the transformed
image generation unit 10, the scattered ray reduced image
generation unit 17, the display umit 21, and the like, as
needed.

The storage unit 5 stores instructions and the like from the
operator which are sent from the mput unit 19. The storage
unit 5 stores the X-ray conditions and the like mput by the
operator or the like via the input unit 19. Note that the
storage unit 3 may store the X-ray conditions acquired from
the mterface unit 3. Note that the storage unit 5 may store the
medical image acquired from the medical image generation
unit 37. The storage unit 5 may store the medical 1image
acquired from the interface umit 3. The storage unit 5 may
store a program associated with scattered ray correction
processing (to be described later).

The object thickness decision unit 7 decides an object
thickness based on the X-ray conditions stored 1n the storage
unit 5. The object thickness decision unit 7 includes a
memory (not shown) and stores a tube voltage/object thick-
ness correspondence table. More specifically, the object
thickness decision unit 7 decides an object thickness based
on the X-ray conditions and tube voltage/object thickness
correspondence table read out from the storage unit 5.

The scattering function decision umt 9 decides a scatter-
ing function based on the X-ray conditions stored in the
storage unit 3 and the object thickness decided by the object
thickness decision unit 7. The scattering function decision
unit 9 includes a memory (not shown) and stores a scattering,
function correspondence table. More specifically, the scat-
tering function decision umt 9 decides a scattering function
based on the object thickness decided by the object thickness
decision unit 7, the X-ray conditions read out from the
storage unit 5, and the scattering function correspondence
table.

The transformed 1mage generation unit 10 generates a
transformed 1mage by transforming pixel values, of a plu-
rality of pixel values constituting a medical image, which are
higher than the reference value obtamned based on the
representative value of a plurality of pixel values 1nto pixel
values lower than the reference value. The transformed
image generation unit 10 includes a reference value decision
unit 11 and a pixel value transformation unit 13.

The reference value decision unit 11 decides a reference
value based on the representative value of a plurality of pixel
values constituting a medical image. More specifically, the
reference value decision unit 11 decides a reference value by
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multiplying the representative value of the plurality of pixel
values constituting the medical image by a predetermined
constant.

The pixel value transformation unit 13 includes a memory
(not shown) and stores a pixel value transformation table.
The pixel value transformation unit 13 transforms pixel
values, of a plurality of pixel values constituting a medical
image, which are higher than a reference value into pixel
values lower than the reference value, based on the pixel
value transformation table and the reference value. For
example, the pixel value transformation unit 13 transforms
the pixel values of pixels having direct radiation components
in a medical 1image 1nto low pixel values.

The scattered ray image generation unit 15 generates a
scattered ray 1mage based on the transformed 1image and the
scattering function. The scattered ray image 1s an 1mage
obtained by approximately changing the scattering function
in accordance with the position of each pixel of the medical
image. More specifically, the scattered ray image generation
unmit 15 generates the Fourier transform of the transformed
image. The scattered ray image generation unmit 15 generates
the Founier transform of the scattering function. The scat-
tered ray image generation unit 15 divides the Fourier
transform of the scattering function by the sum of the
Fourier transform of the scattering function and 1 (the
division result will be referred to as a scattering function
term hereinatfter). The scattered ray image generation unit 15
generates the Fourier transform of the scattered ray image by
multiplying the Fourier transform of the transformed 1image
by the scattering function term.

The scattered ray reduced image generation umt 17 gen-
crates a scattered ray reduced image by subtracting the
scattered ray image decided by the scattered ray image
generation unit 15 from the medical image. The scattered ray
image generation umt 15 outputs the scattered ray reduced
image to the display unit 21.

The input umt 19 inputs various types of instructions,
commands, information, selections, settings, and the like
from the operator and the like to the control umt 23. More
specifically, the input unit 19 inputs, to the control unit 23,
X-ray conditions, X-ray imaging position, X-ray fluoros-
copy position, the start and end of X-ray imaging or X-ray
fluoroscopy, an instruction to switch between the display of
a projection 1mage and the display of a plurality of tomo-
graphic images, and the like as desired by the operator. Note
that the input unit 19 may input a predetermined constant to
the control unit 23 1n accordance with an instruction from
the operator. Based on this input, the control unit 23 updates
a predetermined constant stored in the memory of the
reference value decision unit 11.

The mput umit 19 includes mput devices such as a
trackball, switch buttons, mouse, mouse wheel, and key-
board for inputting various types of instructions, commands,
information, selections, settings, and the like. Note that the
input device may be a touch panel covering the display
screen of the display unit 21. The mput unit 19 can input a
region of interest on a medical image which 1s used by the
reference value decision unit 11. For example, the operator
sets a region of interest by, for example, clicking and
dragging the cursor of the mouse on the medical image
displayed on the display unit 21.

The display unit 21 displays the scattered ray reduced
image generated by the scattered ray reduced image gen-
eration umt 17. The display unit 21 can also display a
medical image.

The control unit 23 includes a CPU and a memory (neither
of which 1s shown). The control unit 23 temporarily stores,
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in a memory, information such as an instruction from the
operator which 1s sent from the mnput unmit 19. The control
unit 23 comprehensively controls the X-ray generation unit
277, the scattering function decision unit 9, the transformed
image generation unit 10, the scattered ray image generation
unit 15, and the scattered ray reduced 1mage generation unit
17 to execute X-ray diagnosis in accordance with instruc-
tions from the operator which are stored in the memory.

FI1G. 9 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to the
second embodiment.

X-ray conditions are input via the input unit 19 (step Scl).
An object thickness 1s decided based on the mput X-ray
conditions (step Sc2). A scattering function 1s decided based
on the decided object thickness and the X-ray conditions
input 1n step Scl (step Sc3). A reference value 1s decided
based on the representative value of a plurality of pixel
values constituting the medical 1image obtained by X-ray
imaging or X-ray fluoroscopy under the readout X-ray
conditions (step Scd). Pixel values, of a plurality of pixel
values constituting a medical image, which are higher than
the reference value are transformed 1nto pixel values lower
than the reference value (step Sc3). A scattered ray 1mage 1s
generated based on the transformed image obtained by
transforming the pixel values of the medical image and the
scattering function (step Scé). A scattered ray reduced image
1s generated by subtracting the scattered ray image from the
medical image (step Sc7). The scattered ray reduced image
1s displayed (step Sc8).

(Modification)

A difference from the second embodiment 1s that the
processing described below 1s executed. A medical image
associated with the first imaging operation (to be referred to
as the first medical 1image hereinafter) 1s generated by
imaging (to be referred to as the first 1maging operation
hereinafter) an object before X-ray fluoroscopy or X-ray
imaging. In addition, a reference value 1s decided based on
the first medical image. Furthermore, based on the decided
reference value, scattered ray correction processing 1s
executed for the medical image (to be referred to as the
second medical image hereinafter) generated by X-ray fluo-
roscopy or continuous X-ray imaging (to be referred to as
the second 1maging operation hereinatter).

The X-ray generation unit 27 generates X-rays from the
tube focal point in the first imaging operation. The X-ray
generation unit 27 generates X-rays from the tube focal
point in the second 1maging operation.

The X-ray detection unit 29 detects the X-rays generated
from the X-ray generation unit 27 and transmitted through
the object 1n the first imaging operation. The X-ray detection
unit 29 detects the X-rays generated from the X-ray gen-
eration unit 27 and transmitted through the object in the
second 1maging operation.

The preprocessing unit (not shown) executes preprocess-
ing for the digital data (to be referred to as the first digital
data hereinafter) output from the X-ray detection unit 29 by
the first 1maging operation. The preprocessed first digital
data 1s output to the medical 1image generation unit 37. The
preprocessing unit executes preprocessing for the digital
data (to be referred to as the second digital data hereinatfter)
output from the X-ray detection umit 29 by the second
imaging operation. The preprocessed second digital data 1s
output to the medical image generation unit 37.

The medical image generation unit 37 generates the first
medical image based on the preprocessed first digital data.
The medical 1mage generation unit 37 outputs the first
medical image to the reference value decision umt 11. The
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medical 1mage generation unit 37 generates the second
medical image based on the second digital data generated by
the second 1maging operation. The medical 1image genera-
tion unit 37 outputs the second medical 1image to the pixel
value transformation unit 13 and the scattered ray reduced
image generation unit 17. Note that the first and second
medical images may be stored in the storage unit 5.

The transformed image generation unit 10 generates a
transformed 1mage by transforming pixel values, of a plu-
rality of pixel values constituting the medical image, which
are higher than the reference value obtained based on the
representative value of the plurality of pixel values into pixel
values lower than the reference value. The transformed
image generation unit 10 includes the reference value deci-
sion unit 11 and the pixel value transformation unit 13.

The reference value decision unit 11 decides a reference
value based on the representative value of the plurality of
pixel values constituting the medical 1image. More specifi-
cally, the reference value decision unit 11 decides a refer-
ence value by multiplying the representative value of the
plurality of pixel values constituting the medical image by a
predetermined constant.

The pixel value transformation unit 13 includes a memory
(not shown) and stores a pixel value transformation table.
The pixel value transformation unit 13 transforms pixel
values, of the pixel values constituting the second medical
image, which are higher than the reference value into pixel
values lower than the reference value, based on the pixel
value transformation table and the reference value. The pixel
value transformation unit 13 transforms the pixel values of
the second medical image generated by the medical image
generation unit 37 based on the pixel value transformation
table and the reference value.

The scattered ray image generation unit 15 generates a
scattered ray image based on the transformed image and the
scattering function. The scattered ray image 1s the 1mage
obtained by approximately changing the scattering function
in accordance with the position of each pixel of the medical
image. More specifically, first of all, the scattered ray image
generation unit 15 generates the Fourier transform of the
transformed 1mage. The scattered ray 1mage generation unit
15 generates the Fourier transform of the scattering function.
The scattered ray image generation unit 15 divides the
Fourier transform of the scattering function by the sum of
the Fourier transform of the scattering function and 1
(scattering function term). The scattered ray image genera-
tion unit 15 generates the Fourier transform of the scattered
ray 1mage by multiplying the Founier transform of the
transformed i1mage by the scattering function term. The
scattered ray 1mage generation unit 15 generates a scattered
ray 1mage by applying an mverse Fourier transform to the
Fourier transform of the scattered ray image.

The scattered ray reduced image generation unit 17 gen-
erates a scattered ray reduced image by subtracting the
scattered ray 1mage from the second medical image gener-
ated by the medical image generation umt 37. The scattered
ray reduced image generation unit 17 outputs the scattered
ray reduced image to the display unit 21.

The display unit 21 displays the scattered ray reduced
image generated by the scattered ray reduced image gen-
eration unit 17.

Note that in X-ray fluoroscopy or continuous 1imaging, the
X-ray generation unit 27, the X-ray detection unit 29, the
preprocessing unit, the medical 1image generation unit 37,
the transformed 1mage generation unit 10, the scattered ray
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image generation unit 15, the scattered ray reduced image
generation unit 17, and the display unit 21 execute process-
ing a plurality of times.

FIG. 10 1s a flowchart showing an example of a procedure
for scattered ray correction processing according to the
second embodiment.

X-ray conditions are mput via the mput unit 19 (step Sd1).
An object thickness 1s decided based on the mput X-ray
conditions (step Sd2). A scattering function 1s decided based
on the decided object thickness and the X-ray conditions
mput 1 step Sd1 (step Sd3). The first medical image 1s
generated by the {first imaging operation (step Sd4). A
reference value 1s decided based on the representative value
of the plurality of pixel values constituting the first medical
image (step SdS). The second 1imaging operation starts (step
Sd6). The medical image generation unit 37 generates the
second medical image (step Sd7). Pixel values, of a plurality
of pixel values constituting the second medical image,
which are higher than the reference value are transformed
into pixel values lower than the reference value (step Sd8).
A scattered ray image 1s generated based on the transformed
image obtained by transforming the pixel values of the
second medical image and the scattering function (step Sd9).
A scattered ray reduced image 1s generated by subtracting,
the scattered ray image from the second medical image (step
Sd10). The scattered ray reduced 1mage 1s displayed (step
Sd11). IT an 1nstruction to end the second 1imaging operation
1s mput, the processing 1s ended, whereas the instruction 1s
not input, the process returns to step Sd7 (step Sd12).

According to the above arrangement, the following eflects
can be obtained.

The X-ray diagnostic apparatus 25 according to the sec-
ond embodiment can decide a reference value based on a
medical 1mage. It 1s possible to generate a transformed
image by transforming the pixel value of each of a plurality
of pixels constituting the medical 1mage based on the pixel
value transformation table and the reference value. The
transformed 1mage 1s obtained by transforming pixel values,
of the plurality of pixel values constituting the medical
image, which are higher than the reference value into pixel
values lower than the reference value. In addition, 1t 1s
possible to decide a scattering function based on X-ray
conditions and an object thickness. According to the
embodiment, 1t 1s possible to generate a scattered ray image
by changing a scattering function in accordance with the
position of each pixel of the medical image by using the
transformed i1mage. With this operation, a scattered ray
image 1s generated by reducing direct radiation components
in the medical image. That 1s, 1t 1s possible to generate a
scattered ray reduced image without excessive correction by
applying scattered ray correction processing 1n this embodi-
ment to a medical image having direct radiation compo-
nents.

The same eflects as those with respect to direct radiation
components are provided with respect to non-direct radia-
tion components transmitted through a small body thickness
portion. A transformed image 1s obtained by transforming
pixel values, of a plurality of pixel values constituting a
medical 1image, which are higher than the reference value
into pixel values lower than the reference value. Therelore,
the scattered ray image generated based on the above
transformed i1mage and the scattering function 1s the one
generated by reducing non-direct radiation components
transmitted through a small body thickness portion of the
medical image. That 1s, 1t 1s possible to generate a scattered
ray reduced 1mage without excessive correction by applying,
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scattered ray correction processing in this embodiment to a
medical image having a small body thickness portion.

In addition, according to the modification of the second
embodiment, a reference value can be decided in X-ray
fluoroscopy or continuous X-ray imaging based on the {first
medical 1mage obtained before X-ray fluoroscopy or con-
tinuous X-ray imaging. It 1s possible to generate a trans-
formed 1mage by transforming the pixel value of each of the
plurality of pixels constituting the second medical 1image.
The transformed 1mage 1s the one obtained by transforming
pixel values, of the plurality of pixel values constituting the
second medical image, which are higher than the reference
value 1nto pixel values lower than the reference value. A
scattering function can be decided based on X-ray condi-
tions and an object thickness. A scattered ray image can be
generated based on the transformed 1mage and the scattering
function. The scattered ray image 1s generated by reducing
direct radiation components 1n the second medical image. It
1s therefore possible to generate a scattered ray reduced
image without excessive correction even from the second
medical image having direct radiation components.

The same eflects as those with respect to direct radiation
components are provided with respect to non-direct radia-
tion components transmitted through a small body thickness
portion. A transformed 1mage 1s obtained by transforming
pixel values, of a plurality of pixel values constituting the
second medical image, which are higher than the reference
value into pixel values lower than the reference value.
Theretfore, the scattered ray image generated based on the
above transformed 1mage and the scattering function 1s the
one generated by reducing non-direct radiation components
transmitted through a small body thickness portion of the
second medical image. It 1s therefore possible to generate a
scattered ray reduced image without excessive correction
from the second medical image having non-direct radiation
components transmitted through a small body thickness
portion.

In addition, since a convolution sum repetitive operation
like that in the related art 1s not used, the calculation amount
1s suppressed as compared with the related art. In addition,
since the number of times of generation of a scattered ray
image 1s reduced as compared with the first embodiment, the
calculation amount 1s further suppressed as compared with
the first embodiment.

As has been described above, the X-ray diagnostic appa-
ratus 25 according to the second embodiment can generate
scattered ray reduced 1mages without excessive correction,
while suppressing calculation amounts, from a medical
image having direct radiation components and even from a
medical 1mage having non-direct radiation components
transmitted through a partially thin portion (a small body
thickness portion) of the object.

Third Embodiment

FIG. 11 1s a block diagram showing an example of the
arrangement of an X-ray computed tomography apparatus
39 according to the third embodiment. The X-ray computed
tomography apparatus 39 includes a gantry 41, a projection
data generation unit 65, a storage unit 5, an object thickness
decision unit 7, a scattering function decision umt 9, a
transformed 1mage generation unit 10, a scattered ray data
generation unit 69, a scattered ray reduced projection data
generation unit 71, a reconstruction unit 73, an mput unit 19,
a display unit 21, and a control unit 23.

A rotating support mechanism 43 1s housed 1n the gantry
41. The rotating support mechanism 43 includes a rotating



US 10,342,503 B2

17

ring (not shown), a ring support mechanism (not shown)
which supports the rotating ring so as to make 1t rotatable
about the rotation axis 7, and a rotation driving unit 43
which generates power to rotate the rotating ring. The
rotating support mechanism 43 1s provided with a high
voltage generator 47, an X-ray tube 49, a collimator unit 51,
an X-ray detector 53 called a two-dimensional array type or
multi-array type detector, a DAS (Data Acquisition System)
57, a noncontact data transmission unit 589, a cooling device
(not shown), and a gantry controller (not shown). The
rotation driving unit 45 1s implemented by, for example, a
motor.

The high voltage generator 47 generates a high voltage to
be applied to the X-ray tube 49 based on power supplied via
a slip ring 61. The high voltage generator 47 applies the
generated high voltage to the X-ray tube 49. The high
voltage generator 47 generates a filament current to be
supplied to the X-ray tube 49 based on power supplied via
the slip ning 61. The high voltage generator 47 supplies the
generated filament current to the X-ray tube 49.

Upon receiving a tube voltage and a tube current from the
high voltage generator 47, the X-ray tube 49 radiates X-rays
from the X-ray focal point.

The collimator unit 51 mounted on the X-ray radiation
window of the X-ray tube 49 shapes the X-rays radiated
from the X-ray focal into, for example, a cone beam shape
(pyramidal shape). An X-ray radiation range 63 1s indicated
by the dotted line. The X-axis 1s a straight line which 1s
perpendicular to the rotation axis 7Z and passes through the
focal point of radiated X-rays. The Y-axis 1s a straight line
perpendicular to the X-axis and the rotation axis Z. For the
sake of descriptive convemence, the following description
will be made on the assumption that the XYZ coordinate
system 1s a rotating coordinate system which rotates about
the rotation axis Z.

The X-ray detector 53 1s mounted on the rotating ring at
a position and an angle so as to face the X-ray tube 49
through the rotation axis Z. The X-ray detector 53 includes
a plurality of X-ray detection elements. In this case, one
channel has one X-ray detection element. The X-ray detector
53 has a plurality of channels. The plurality of channels are
arranged 1n a two-dimensional pattern. The two-dimensional
pattern 1s defined by two directions, namely the arc direction
(channel direction) and the 7 direction (slice direction). In
this case, the channel direction 1s a direction 1ndicated by an
arc which 1s centered on the Z-axis, perpendicular to Z-axis,
and has, as 1ts radius, the distance from the X-ray focal point
to the light-receiving unit center of an X-ray detection
clement. Note that the X-ray detector 53 may be formed
from a plurality of modules each having one array of a
plurality of X-ray detection elements. In this case, the
plurality of modules are arrayed in the channel direction.

When performing imaging or scanning, an object 1s
placed on the top 35 and inserted into a cylindrical imaging,
region 55 between the X-ray tube 49 and the X-ray detector
53. The DAS 57 1s connected to the output side of the X-ray
detector 53.

The DAS 57 1s provided with, for each channel, an I-V
converter which converts a current signal from each channel
of the X-ray detector 53 into a voltage, an 1integrator which
periodically integrates the voltage signals in synchromism
with an X-ray 1rradiation period, an amplifier which ampli-
fies an output signal from the integrator, and an analog/
digital converter which converts an output signal from the
amplifier into a digital signal. The data (pure raw data)
output from the data DAS 57 1s transmitted to projection
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data generation unit 65 via the noncontact data transmission
umt 59 using magnetic transmission/reception or optical
transmission/reception.

The projection data generation unit 65 preprocesses the
pure raw data output from the DAS 57 to generate projection
data (raw data). The preprocessing includes, for example,
sensitivity nonumformity correction processing between
channels and the processing ol correcting an extreme
decrease 1n signal intensity or signal omission due to an
X-ray absorber, mainly a metal portion. The projection data
generation unit 65 outputs projection data and data repre-
senting view angles associated with each other to the storage
unit S including a magnetic disk, magneto-optical disk, or
semiconductor memory.

Note that projection data 1s a set of data values corre-
sponding to the intensities of X-rays detected by the X-ray
detector 53. For the sake of descriptive convenience, assume
that a set of projection data acquired nearly at the same time
and at the same view angle throughout all the channels will
be referred to as a projection data set. The view angles are
represented by angles in the range of 0° to 360° which
represent the respective positions on a circular orbit centered
on the rotation axis 7, along which the X-ray tube 49
revolves, with the angle of the uppermost portion on the
circular orbit in an upward vertical direction from the
rotation axis Z being 0°. In this case, —90° and 270° at the
same position on the circular orbit represent the same view
angle, and 450° and 90° at the same position on the circular
orbit represent the same view angle. That 1s, n® and (n+360°)
represent the same view angle. Note that projection data of
a projection data set which corresponds to each channel 1s
identified by a view angle, cone angle, and channel number.

The storage unit 5 stores various types of projection data
sets and various type of images. The storage unit 5 stores
instructions and the like from the operator which are sent
from the mput unit 19. The storage unit 3 stores the X-ray
conditions acquired from the interface unit 3. Note that the
storage unit 3 may store a predetermined threshold.

The object thickness decision unit 7 decides an object
thickness 1n each view based on a projection data set
corresponding to a view (to be referred to as an object
thickness decision view hereinatter), of the views generated
from the projection data generation unit 65, which difiers by
90° from each view.

FIG. 12 1s a view showing an example of a sinogram
representing projection data values defined by view angles
and channel numbers by shading. FIG. 12 shows that an
object thickness at a view angle 1° 1s decided by using a
projection data set corresponding to a view angle of (1-90°)
or a projection data set corresponding to a view angle of
(1+90°), which differs 90° from the view angle 1°. The object
thickness decision unit 7 decides an object thickness A or B
indicated by the bidirectional arrow 1n FIG. 12 as an object
thickness. More specifically, for example, the object thick-
ness decision unit 7 decides an object thickness based on the
interval between channels, of a plurality of channels having
projection data values larger than a predetermined threshold,
which correspond to the minimum and maximum channel
numbers 1 a projection data set corresponding to a view
differing by 90° from the target view. More specifically, the
object thickness decision unit 7 decides an object thickness
by dividing the actual distance from the mimmum channel
number to the maximum channel number described above
by an enlargement ratio. An enlargement ratio 1s decided
based on the distance between the tube focal point and the
object and the distance between the tube focal point and the
central point of the detection surface of the X-ray detector
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53. Note that the object thickness decision unit 7 may decide
an object thickness based on the average value or the like of
the object thicknesses A and B.

Note that if no object thickness decision view correspond-
ing to a target view exists, the object thickness decision unit
7 causes the projection data generation unmit 65 to generate a
projection data set corresponding to an object thickness
decision view by using an interpolation method or the like.
The projection data generation unit 65 outputs a projection
data set corresponding to the generated object thickness
decision view to the object thickness decision unit 7. The
object thickness decision unit 7 decides an object thickness
based on the projection data set corresponding to the object
thickness decision view.

The scattering tunction decision unit 9 decides a scatter-
ing function in each view based on the object thickness
decided by the object thickness decision unit 7 and the X-ray
conditions stored in the storage unit 5. The scattering
function decision unit 9 includes a memory (not shown) and
stores scattering function correspondence table. More spe-
cifically, the scattering function decision umt 9 decides a
scattering function in each view based on the object thick-
ness 1n each view decided by the object thickness decision
unit 7 and X-ray conditions and the scattering function
correspondence table read out from the storage unit 5.

A transformed data set generation unit 66 generates a
transformed data set by transforming projection data values
higher than the reference value obtained based on the
representative value of a plurality of projection data values
constituting each projection data set ito projection data
values lower than the reference value. The transtormed data
set generation unit 66 1includes the reference value decision
unit 11 and a projection data transformation unit 67.

The reference value decision unit 11 decides a reference
value for each view based on the representative value of a
plurality of projection data values constituting each projec-
tion data set. More specifically, the reference value decision
unit 11 decides a reference value by multiplying the repre-
sentative value of a plurality of projection data values
constituting each projection data set by a predetermined
constant. The reference value decision umt 11 includes a
memory (not shown) and stores the predetermined constant.

The projection data transformation unit 67 includes a
memory (not shown) and stores a projection data value
transformation table. The projection data value transforma-
tion table indicates the correspondence relationship between
projection data value before transformation and projection
data value after transformation. The projection data trans-
formation unit 67 transforms projection data values, of a
plurality of projection data values constituting a projection
data set, which are higher than the reference values into
projection data values lower than the reference value based
on the projection data value transformation table and the
reference value for each view. For example, the projection
data transformation umt 67 transforms projection data val-
ues having direct radiation components 1n a projection data
set 1nto lower projection data values.

The scattered ray data generation unit 69 transforms a
transformed data set into a scattered ray data set based on the
scattering function 1 each view. More specifically, the
scattered ray data generation unit 69 generates the Fourier
transform of a transformed data set for each view. The
scattered ray data generation unit 69 generates the Fourier
transform of a scattering function for each view. The scat-
tered ray data generation unit 69 divides the Fourier trans-
form of a scattering function for each view by the sum of the
Fourier transform of the scattering function for each view
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and 1 (scattering function term). The scattered ray data
generation unit 69 generates the Fourier transform of a
scattered ray data set for each view by multiplying the
Fourier transform of a transformed data set for each view by
the scattering function term for each view. The scattered ray
data generation unit 69 generates a scattered ray data set 1in
cach view by applying an inverse Fourier transform to the
Fourier transform of a scattered ray data set for each view.
Note that scattered ray data sets are generated by the number
ol views.

The scattered ray reduced projection data generation unit
71 generates a scattered ray reduced projection data set with
reduced scattered rays by subtracting a scattered ray data set
from a projection data in each view. Note that scattered ray
reduced projection data sets are generated by the number of
views. The scattered ray reduced projection data generation
unit 71 outputs scattered ray reduced projection data sets to
the display unit 21.

The reconstruction unit 73 reconstructs volume data based
on scattered ray reduced projection data sets at view angles
in the range of 360° or (180+fan angle)°. The volume data
1s stored in the storage unit 5.

The input umt 19 nputs various types of instructions,
commands, information, selections, settings, and the like
from the operator or the like to the control unit 23. Note that
the input unit 19 may mput a predetermined constant to the
control unit 23 1n accordance with an 1nstruction from the
operator. Based on the input, the control unit 23 updates the
predetermined constant stored 1n the memory of the refer-
ence value decision unit 11.

The mput unmit 19 includes mput devices such as a
trackball, switch buttons, mouse, mouse wheel, and key-
board for inputting the above various types of instructions,
commands, information, selections, settings, and the like.
Note that the input device may be a touch panel covering the
display screen of the display umt 21.

The display unit 21 displays the scattered ray reduced
projection data set generated by the scattered ray reduced
projection data generation unit 71.

The control unit 23 includes a CPU and a memory (neither
of which 1s shown). The control unit 23 temporarily stores,
in a memory, information such as an instruction from the
operator which 1s sent from the input unit 19. The control
umt 23 comprehensively controls the object thickness deci-
sion unit 7, the scattering function decision umit 9, the
transformed 1image generation unit 10, the scattered ray data
generation unit 69, the scattered ray reduced projection data
generation unit 71, and the like to execute 1image processing
in accordance with instructions from the operator which are
stored 1n the memory.

FIG. 13 15 a flowchart showing an example of a procedure
for scattered ray correction processing according to the third
embodiment.

A projection data set for each view 1n one scan 1s
generated (step Sel). An object thickness in each view 1s
decided based on a projection data set in a view which
differs by 90° from each view (step Se2). A scattering
function 1s decided based on the decided object thickness
and the X-ray conditions stored 1in advance in the storage
unit 5 (step Se3). A reference value for each projection data
set 15 decided based on the representative value of a plurality
ol projection data values constituting each projection data
set (step Sed). Projection data values, of the projection data
values, which are higher than the reference value for each
projection data set are transformed into projection data
values lower than the reference value (step Se3). A scattered
ray projection data set 1s generated based on the transformed
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projection data set and the scattering function in each view
(step Seb6). A plurality of scattered ray reduced projection
data sets with reduced scattered rays are generated by
subtracting the scattered ray data sets from the projection
data sets in the respective views (step Se7). Volume data 1s
reconstructed based on the generated scattered ray reduced
projection data sets in the plurality of views (step Se8).

According to the above arrangement, the following eflects
can be obtained.

The X-ray computed tomography apparatus 39 according
to the third embodiment decides an object thickness in each
view based on a projection data set corresponding to a view
which differs by 90° from each view. A scattering function
can be decided based on an object thickness and X-ray
conditions. A reference value for each projection data set can
be decided based on the representative value of a plurality of
projection data values constituting each projection data set.
A transformed projection data set can be generated by
transforming a plurality of projection data values by using a
reference value corresponding to each projection data set. A
transformed projection data set 1s the one obtained by
transforming projection data values, of a plurality of pro-
jection data values constituting a projection data set, which
are higher than the reference value into projection data
values lower than the reference value. According to this
embodiment, 1t 1s possible to generate a scattered ray data set
by changing a scattering function in accordance with a data
number of a projection data set. With this operation, a
scattered ray data set 1s generated by reducing direct radia-
tion components 1n a projection data set. That 1s, 1t 1s
possible to generate a scattered ray reduced projection data
set without excessive correction by applying scattered ray
correction processing in this embodiment to a projection
data set having direct radiation components. It 1s therefore
possible to generate volume data having undergone scattered
ray reduction processing without excessive correction by
reconstructing scattered ray reduced projection data sets.

The same eflects as those with respect to direct radiation
components are provided with respect to non-direct radia-
tion components transmitted through a small body thickness
portion. A transformed projection data set i1s obtained by
transforming projection data values, of a plurality of pro-
jection data values constituting a projection data set, which
are higher than the reference value into projection data
values lower than the reference value. Theretfore, the scat-
tered ray data set generated based on the above transformed
projection data set and the scattering function 1s the one
generated by reducing non-direct radiation components
transmitted through a small body thickness portion in the
projection data set. That 1s, 1t 1s therefore possible to
generate a scattered ray reduced projection data set without
excessive correction by applying scattered ray correction
processing 1n this embodiment to a projection data set
having non-direct radiation components transmitted through
a small body thickness portion. It 1s therefore possible to
generate volume data having undergone scattered ray reduc-
tion processing without excessive correction by reconstruct-
ing scattered ray reduced projection data sets.

In addition, each function according to each embodiment
can be implemented by installing a scattered ray correction
processing program 1n a computer such as a workstation and
expanding it in the memory. In this case, the program which
can cause the computer to execute the corresponding tech-
nique can be distributed by being stored in storage media
such as magnetic disks (floppy disks, hard disks, and the
like), optical disks (CD-ROMs, DVDs, and the like), and

semiconductor memories.
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While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

The mmvention claimed 1s:

1. A medical 1image processing apparatus comprising:

processing circuitry configured to:
generate a single transformed image by transforming
pixel values, of a plurality of pixel values constituting
a medical 1image, which are higher than a reference
value corresponding to direct radiation components,
which are components of X-rays not transmitted
through an object, or non-direct radiation components,
which are components of X-rays transmitted through a
thin portion of the object, into lower pixel values;

transform the single transformed image into a single
scattered ray image based on a scattering function; and

generate a scattered ray reduced image with reduced
scattered rays by subtracting the single scattered ray
image irom the medical image.

2. The apparatus according to claim 1, wherein the
processing circuitry 1s configured to transform pixel values,
of the plurality of pixel values, which are higher than the
reference value into pixel values lower than the reference
value.

3. The apparatus according to claim 1, wherein the
processing circuitry 1s configured to determine the reference
value based on a representative value of the plurality of pixel
values.

4. The apparatus according to claim 3, wherein the
representative value 1s a mode value of the plurality of pixel
values.

5. The apparatus according to claim 4, wherein the
representative value 1s an average value or a median value
of a plurality of pixel values contained 1n a region of interest
of the medical image.

6. The apparatus according to claim 1, wherein the
processing circuitry 1s configured to:

determine an object thickness based on an X-ray condi-

tion associated with the medical image or projection
data; and

determine the scattering function based on the X-ray

condition and the object thickness.

7. The apparatus according to claim 1, wherein the
processing circuitry 1s configured to transform a Fourier
transiform of the single transformed image into the single
scattered ray image based on a Fourier transform of the
scattering function.

8. An X-ray diagnostic apparatus including the medical
image processing apparatus according to claim 1, the X-ray
diagnostic apparatus further comprising:

an X-ray tube configured to generate X-rays; and

an X-ray detector configured to detect the X-rays;

wherein the processing circuitry 1s configured to generate

the medical image based on an output from the X-ray
detector.
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9. The apparatus according to claim 3, wherein the
processing circuitry 1s configured to determine the reference
value by multiplying the representative value by a prede-
termined constant.

24



	Front Page
	Drawings
	Specification
	Claims

